Introduction {#sec1-1}
============

Cellular allograft rejection is one of the commonest causes of graft dysfunction in the early as well as late posttransplant period.\[[@ref1]\] Primary to the pathogenesis of this rejection is allospecific recruitment of peripheral T cells.\[[@ref2]\] Chemokines induce migration of lymphocytes\[[@ref3]\] bearing specific chemokine receptors, which is central to allograft rejection, as has been emphasized in many experimental and human studies.\[[@ref4]--[@ref6]\] The chemokine receptor CC chemokine receptor 5 (CCR5) is expressed on the alloaggressive Th1 cells, which are responsible for activating macrophages and mediating cytotoxicity via Fas-Fas ligand in the graft.\[[@ref7]\] This study aimed to determine the distribution of CCR5-positive cells in the graft and correlate it with the degree of cellular rejection.

Subjects and Methods {#sec1-2}
====================

In this prospective study, 28 patients who had presented with graft dysfunction and demonstrated features of acute cellular rejection (ACR) on biopsy \[Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\] were included. C4d immunostaining was performed in all cases to exclude a concomitant antibody-mediated rejection. Cases of graft dysfunction attributable to calcineurin inhibitor toxicity or viral infection on biopsy were also excluded. All biopsies were classified according to Banff 2007.\[[@ref8]\] Ten protocol biopsies at 1 month posttransplant were included in the control group. Details of immunosuppression and serum creatinine levels of each patient were recorded.

![(a) Foci of tubulitis (H and E, 200); (b) foci of tubulitis (PAS, 200); (c) lymphocytes in interstitium and foci of tubulitis (anti-CCR5, 200); (d) lymphocytes in interstitium and foci of tubulitis (anti-CD3, 200)](IJN-23-196-g001){#F1}

Immunohistochemistry {#sec2-1}
--------------------

Sequential slides were subjected to immunohistochemistry for CD3 (rabbit polyclonal Abcam ab5690 1:100) and CCR5 (rabbit polyclonal AbD Serotec AHP568 1:150) using conventional techniques. CCR5 antibody was standardized using formalin-fixed spleen tissue from splenectomy specimens. The slides were examined by two pathologists (AKD and RG). In the same area of the section, both CD3- and CCR5-positive cells were counted separately in the tubules, interstitium, and glomeruli, and expressed as number of cells per high power field (hpf).

Banff grading of ACR depends on the quantity of leukocytes infiltrating the interstititum, tubules, and arterioles. Thus, we correlated CCR5-positive T lymphocytes with the total grade of rejection as well as the individual components such as tubulitis, intimal arteritis, and interstitial inflammation using statistical tools of correlation such as Spearman correlation and Pearsons correlation. Statistical analysis was performed using SPSS 17.

Results {#sec1-3}
=======

The clinical characteristics of the cases and controls are elucidated in [Table 1](#T1){ref-type="table"}. On histopathologic examination, the cases showed ACR of variable Banff grades, as detailed in Table [2a](#T2a){ref-type="table"} and [b](#T2b){ref-type="table"}. None of the protocol biopsies showed features to suggest borderline/ACR.

###### 

Clinical characteristics of the study population

![](IJN-23-196-g003)

###### 

Histological and immunohistochemical analysis of Banff grade I cases

![](IJN-23-196-g004)

###### 

Histological and immunohistochemical analysis of Banff grade II-III cases

![](IJN-23-196-g005)

Immunohistochemical analysis revealed that the cases had a significantly higher number of CD3-positive (35.16 vs. 2.82) and CCR5-positive cells (15.48 vs. 0.64) compared to the control group (*P* = 0.010), and the pattern of distribution between CCR5- and CD3-positive cells in sequential sections was closely comparable (*P* \< 0.01)\[Figure [1c](#F1){ref-type="fig"} and [d](#F1){ref-type="fig"}\].

Distribution of CC chemokine receptor 5-positive cells and histopathologic correlations {#sec2-2}
---------------------------------------------------------------------------------------

In cases with rejection, the CCR5-positive lymphocytes were observed to be significantly more in the tubulointerstitium than in the foci of glomerulitis (15.48 vs. 0.32; *P* = 0.007) and also more in the foci of tubulitis compared to the interstitium, although this did not reach levels of significance (*P* = 0.351). Quantitation of CD3- and CCR5-positive cells infiltrating the arterial intima could not be performed due to very small numbers of infiltrating cells; however, few infiltrating CCR5-positive cells were noted \[[Figure 2](#F2){ref-type="fig"}\].

![Correlation of chemokine receptor 5-positive cells in foci of tubulitis with interval after transplant](IJN-23-196-g002){#F2}

A positive correlation was found between CCR5-positive cells and grading of rejection by Banff 2007 (*P* \< 0.05), that is, higher grade of rejection had higher number of CCR5-positive cells. Percent of T cells expressing CCR5 in the foci of tubulitis positively correlated with the severity of tubulitis, and also with the severity of interstitial inflammation (*P* \< 0.05). No significant correlation with chronic features such as interstitial fibrosis and tubular atrophy was noted.

Clinical correlations {#sec2-3}
---------------------

No correlation was noted with the serum creatinine levels at the time of the biopsy, and the number of CCR5-positive cells did not predict response to antirejection therapy determined by follow-up serum creatinine levels (*P* = 0.134). Thus, although the number of CCR5-positive cells correlated with the grade of rejection, it did not correlate with the degree of graft dysfunction or response to therapy within rejection cases. The patient population was divided into two groups: One containing tacrolimus and the other containing cyclosporine. Patients on tacrolimus containing regimens were observed to have less total number of CCR5-positive cells, particularly in the foci of tubulitis (*P* \< 0.05). In relation to the time interval after transplantation, the mean count of T cells expressing CCR5 in the foci of tubulitis was significantly more in rejection occurring within 6 months of transplantation than in that occurring after a period of 6 months (*P* \< 0.05).

Discussion {#sec1-4}
==========

As the renal allograft is recognized as foreign, an allospecific immune response is triggered which is largely mediated by chemokines. An increase in concentration of the CC chemokine regulated and normal T cell expressed and secreted (RANTES) in the allograft has been demonstrated in cases of cellular rejection.\[[@ref9]--[@ref11]\] This chemokine is secreted by activated fibroblasts, and mesangial and tubular epithelial cells in the graft,\[[@ref5][@ref6][@ref11]\] and induces the migration of CD3-positive T cells expressing the CCR5 receptor.\[[@ref10][@ref11]\]

Segerer *et al*. studied the distribution of CCR5-positive cells by immunohistochemistry in cases of glomerulonephritis, interstitial nephritis, and transplant rejection.\[[@ref11]\] In the 18 transplant cases (9 acute and 9 chronic), CCR5-positive cells were seen in all interstitial areas, with mononuclear cell infiltrates constituting approximately 90% of the CD3-positive cells in cases of acute rejection and approximately 65% in cases of chronic rejection. CCR5-positive cells were also seen in foci of tubulitis, glomerulitis, and endothelitis. Seven of the nine cases of acute rejection were of Banff grade I. However, no correlations with histopathology were made. In clinical correlations, they found that the mean CCR5-positive cells per cortical hpf was significantly higher in cases with creatinine more than 1.2 mg/dl (*P* \< 0.01).

In another study, Segerer *et al*. showed an increase in mRNA expression of CCR5, CCR2B, and CXCR4 in allograft infiltrating leukocytes, compared to that in controls.\[[@ref12]\] Expression of CCR1 was documented in both allograft rejections and controls. CCR3 and CCR8 were absent. CXCR4 was most diffusely expressed. These findings were indicative of a Th2 response in rejection. Panzer *et al*.\[[@ref10]\] compared CCR5 and CXCR3 expression in 13 cases of acute rejection and an equal number of cases without rejection in biopsies. They found significantly higher numbers of CCR5-positive cells in acute rejection (160.9 ± 33.1/30 hpfs) compared to no rejection cases (36.2 ± 10.7, *P* \< 0.007), similar to that in this present study. No predictive value could be assigned to CCR5. Their cases varied from Banff grade I a to II b; however, no histopathologic correlations were made.

We also found significantly increased number of CCR5-positive cells in patients on cyclosporine compared to those on tacrolimus containing regimen. Daniel Seron *et al*. reported increased CD3- and CD68-positive allograft infiltrating cells in patients on cyclosporine compared to those on tacrolimus,\[[@ref13]\] similar to our study. However, ours is the first study correlating CC chemokine receptor 5 in these two groups and shows significantly more CCR5-positive cells in patients on cyclosporine containing regime compared to those on tacrolimus.

One important observation in cases 1 and 8 \[[Table 2a](#T2a){ref-type="table"}\] and cases 4, 11, and 14 \[[Table 2b](#T2b){ref-type="table"}\] was the presence of very few or no CCR5-positive cells. A possible explanation to this could be that CCR5, which is an early marker of rejection responsible for recruitment of the leukocytes, may not be observed in large numbers once rejection is for a longer time and well established. Almost all of these cases had intimal arteritis (except case 1), pointing toward increased severity of the cases.

In this study, it was again confirmed that CCR5-positive cells are significantly increased in rejecting compared to stable grafts and are found predominantly in the foci of interstitial inflammation and tubulitis. In addition, histopathologic correlations showed significant increase in the infiltrating CCR5-positive cells with worsening Banff grades.

Early ACR had significantly more CCR5-positive T cells in foci of tubulitis compared to late ACR. With animal model experiments demonstrating that blockade of CCR5 receptors leads to retardation of rejection episodes,\[[@ref14][@ref15]\] the findings of this study also indicate a future role of anti-CCR5 therapy in the treatment of rejection, particularly early episodes. In addition, as CCR5 represents the actively alloaggressive subset of T cells and increases with worsening of rejection, the authors propose that it be added to the ever-expanding list of activation markers for T cells, and future studies on cases of borderline rejection are warranted.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
